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Solvent effects on the kinetics of bromophenol blue fading have been investigated within atemperature range
in binary mixtures of methanol, ethanol, 1-propanol, ethylene glycol and 1,2-propanediol with water of varying
solvent compositions up to 40% by weight of organic solvent component. Correlation of logk with reciprocal
of the dielectric constant was linear. Finally amechanism was proposed for the bromophenol blue fading upon
SESMORTAC (study of effect of solvent mixture on the one-step reaction rates using the transition state theory
and cage effect) model, by means of this model, the fundamental rate constants of the fading reaction in these

solvent systems were calcul ated.
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Introduction

Bromophenol blue (BPB) isamember of triphenylmethane
dyes family.*® In akaline solution it forms a dibasic salt
which gradually fades*’ In this work, kinetics of akaline
fading of BPB was studied in binary mixtures of methanol,
ethanol, 1-propanol, ethylene glycol, and 1,2-propanediol
with water over a range of solvent compositions and
temperatures. These media provide a useful range of
dielectric constant and medium effects.

Experimental Section

Reagent. Ethylene glycol (99%) was supplied by BDH
and sodium hydroxide, methanol (99.5%), ethanol (99.8%),
1-propanol (99%), 1,2-propanediol (99.5%) and bromo-
phenol blue were purchased from Merck. Materials were
used without further purification.

Procedure. For preparation of dye solution, 0.015 g dye
was dissolved in 0.5 cm® ethanol (99.8%) which after
dilution with double distilled water was transformed into a
100 cm?® volumetric flask and was filled to the mark and its
concentration was 2.31 x 10 mol dm . The rate of fading
was studied by photometric method. A small volume (0.2
cm®) of dye solution was added to 2.5 or 3 cm® of asolution

BPB™~ BPB2-

Yellow Blue

of NaOH (0.2 mol dm™3) prepared in alcohol-water mixtures
which previoudy placed in the thermostated cell compart-
ment of a UV-VIS 2100 Shimadzu spectrophotometer
(controlledto £ 0.1 °C).

The changes of absorption of dye at its maximum
wavelength (Amx) Were recorded at 40-100 minutes
intervals. The Anx Values of dye were shifted to red in
alcohol-water media, Figure 1.

Theory

Medium effects on reactivity can be very large. A
sufficiently drastic change in medium may affect not only
kinetic parameters but aso rate laws and mechanism and in
some cases, reaction products. The rationdization of the
important part that the solvent may play in determining
reactivity goes back along way.®

Chemical reaction mechanisms are discussed in textbooks.
But it would be important to say that in rate equations of
organic or inorganic reactions which proceed through the
formation of activated complex in binary mixtures, there is
no term clearly showing the correlation between reaction
rate and concentration of solvent components.®**%° In cases
where none of solvent mixture components are reactant, in a
series of experimentsin which the concentrations of mixture

BPB3~

Colorless

Scheme
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Figure 1. Variation of maximum wavelength of BPB vs. mole
fraction of binary mixtures of ¢ methanol, m ethanol, a 1-
propanol, A ethylene glycol, O 1,2-propanediol in water at room
temperature.

components vary, their concentration is no more constant.
Also when one of solvent components acts as a reactant, the
rate equations consider no distinction for it as a solvent or
reactant. In the later case, in some reactions as the
nonreacting solvent component concentration is increased,
the reaction rate would increase as well.

Here, a new way is introduced for study of one-step
chemical reactions in binary mixtures by which the role of
solvent system in raising or lowering the reaction rate is
inserted in the reaction rate equation. These assumptions are
given by one of the authors, Babak Samiey, in amodel called
“study of effect of solvent mixture on the one-step reaction
rates using the transition state theory and cege effect”
(SESMORTAC modé). In thismode it is assumed that:

1- One-step reaction in binary mixture solution proceeds
simultaneoudly by two paralel mechanisms. The first
mechanism is similar to the reaction mechanism in pure
solvent. In the second mechanism, the added solvent
involves in the formation of activated complex as well. The
total reaction rate is the sum of these two reactions.

2- Here for calculating the concentration of activated
complex formed in the second mechanism (ACSM), it was
assumed that with the beginning of the interaction between
interacting species, for example A and B, we would face a
chemica species (A..B), here cdled pseudo collision complex.
These molecules can be viewed as being surrounded by a
cage formed by solvent molecules. Cage effect keeps A and
B molecules close together for arelatively long time, during
which they collide repeatedly with each other and with the
cage walls of solvent molecules '3

In the second mechanism, the reaction occursin two steps.
Thefirst stepis

[(A+B).nS,Jcage — = [(A..B).nS,; ]*cage

pseudo «y
collision complex
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The primary interaction would insignificantly raise the
potential energy. This assumption is considered for
considering the total solvent effects from the beginning of
interaction between interacting species to formation of
ACSM. The second step is, for example, asfollows:

k
[(A..B).nS,]7cage + nmolecules of _
pseudo S, solvent k_
collision complex 2

[(AB).nS,}*cage + n molecules of
ACSM S, solvent

I
Products

In the process of formation of ACSM from pseudo
collision complex in binary mixture solutions of S; and S,
solvents, the n molecules of S, (in the cage or solvation shell
of pseudo collison complex) would be replaced by n
molecules of S, (from bulk solution).Using the steady-state
approximation for calculation of ACSM concentration, the
reaction rate equation would be given upon the concen-
tration of binary mixture components. Thus, the overal
reaction equation is the sum of steps (1) and (2).

k
[(A+B).nS,]cage + n molecules Zl—’
of S, solvent  k_

©)
[(AB).nS,]*cage + n molecules of
ACSM S, solvent
;
Products

and the rate equation in binary mixture is v = kaAl[B],
where Kys is the observed second-order rate constant in
solvent mixture.

Calculations for three types of reactions are given below:

(I Calculation of the solvent mixture effect on the reac-
tion rate of bimolecular reaction between A and B (for ex-
ample, Diles-Alder reactions) is given below. Here, the reac-
tion rate increases with adding the S solvent component.

k
[(A+B).nS, |cage + nS, O

k. 4

k,
[(AB).ns,]¥cage —— Products
ACSM
where S; and S; are binary mixture components and ki, k1
and k, are fundamental rate constants in solution. The
dimension of k; isin (dm* mol™)™* (time)™* and the dimen-
sionsof k3 and ky arein (dm® mol™)" (time)™ and (time) ™.

TherateequationinpureS;is  vi = kK[A][B] (5)
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where k is the observed second-order rate constant in pure
S
Assuming that a steady-state concentration is attained for
ACSM,

k,[Al[B][S,]"
[ACSM] = Ln][sz] (6)
k(S]] +k,
The related rate equation, v,, is asfollows
v, = k,[ACSM] (7)
substituting equation (6) for (7) we have
koK [A][B][S,]"
vz il ][n][SZ] ©®
KalS]™ +k;
and the equation of overall reaction rate in binary mixtureis
Kok, [S,]"
V=V, +V, = Ky [Al[B] = [k+ %} [A][B]
+
1[S] 2 )
Thus the rate constant equation in binary solutionsis
koK, [S,]"
Kops = K + L[Sz] (10)
ki[S] +k,

where ko is the observed second-order rate constant in
solvent mixture.

(I Caculation of the solvent mixture effect on the rate of
reaction between A, B and S ,where S, is the solvent
molecule which reacts with A and B (for example, base
hydrolysis of coordination complexes). Here, there are two
Cases

Ila- By increasing the concentration of S, component, the
reaction rate increases:

kl
[((A+B+S/).nS, Jcage + nS, ——=
k. (12)

k
[(ABS] ). nS,*cage + nS, —2 > Products
ACSM
Therate equationinpureS;is vy = k[A][B][§l] (12

where k is the third-order rate constant in pure S;. Doing
the calculations the rate constant equation in mixture

solutionsis given as:
Kk, [S,]"
_felalS] J[si] (13)
k., [S] +k

where koys is the observed second-order rate constant in
binary mixture solution. The dimension of k; is in (dm®
mol™)™%(time)™ and the dimensions of k; and k. are in
(dm?® mol™)" (time)* and (time)™.
I1b - By increasing the concentration of S, component, the
reaction rate decreases.

kobs = [k +

Babak Samiey et al.

It should be noted that in case I1b (and similarly in I11b) as
S solvent is considered as one of reactants, the reaction rate
in pure S, solvent is equal to zero. Because the reaction rate
raises adding the S; solvent, thus the I1b case (and IlIb) is
considered as the addition of S; solvent to a solvent mixture
containing a certain amount of S, component.

k

[(A+B+ S ).nS, Jcage + nS, —>€1
-1

(14)

k,
[(AB S} ). nS, J*cage + nS, — Products

ACSM

The rate equation for a solution with a given concentration
of S, isvi = KAJ[B][S,], where k is the third-order rate
constant in this solution. By increasing the concentration of
S: component, findly the equation of rate constant in

mixture solutionsis
kobs=[k+—k2k1[;°’l] j[i] (15)
K4[S]" + k;

where Ko is the observed second-order rate constant in
binary mixture solution.

(111 Cdculation of the solvent mixture effect on the rate
of reaction between A and S, where S, is the solvent
molecule which reacts with A (for example, solvolysis of
coordination complexes). Here, there are a so two cases:

Illa - By increasing the concentration of S, component,
the reaction rate increases:

k]
[((A+S]).nS Jcage + nS, =—=
k., (16)

k
[(AS]).nS,]"cage + nS, —2> Products
ACSM
TherateequationinpureS;is v = k[A][§l] @n

where k is the second-order rate constant in pure S.
Finally the equation of rate constant in mixture solutionsis

Kope = (k + Mj [Si] (18)
k(S]] +k

where Kqps is the observed first-order rate congtant in binary
mixture solution. The dimension of ky is in (dm®
mol 1)™(time)™ and the dimensions of k1 and k. are in
(dm? mol™)" (time)™ and (time) ™.

I11b - By increasing the concentration of S, component,
the reaction rate decreases:

k

[((A+S]).nS,Jcage + nS, Zl’__.

-1

(19)

k
[(AS)).nS,[Fcage + nS, —2> Products
ACSM
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The rate equation in a solution containing a given
concentration of S, is vy = K[A][S, ], where k is the second-
order rate constant in this solution. Finally the equation of

rate constant is
Kk [S]"
_eal5] j[su (20)
k[S,] +k

Where kaps iS the observed first-order rate constant in binary
mixture solution.

3- Using the logarithm of the reaction rate constant versus
the reciprocal of the dielectric constant equations, we may
determine weather the reaction mechanism is changed,
modifying the dielectric constant of binary mixtures due to
the changes in its composition.**

Here, a range of solvent composition in which the
equations of logarithm of the reaction rate constant versus
the reciproca of the dielectric constant are linear, is called
“zone”. A solvent composition in which a zone finishes and
another zone initiates, is caled “mechanism change point”
(mc paint). In this case, the rate constant equations in mc
point are similar with equations (5), (12) and (17), where v,
k, [S] and [S] are replaced by Vi, ki, [Si]me and [S] e,
respectively. Then in eguations (10), (13) and (18), k is
replaced by kne, [S] and [S)] are replaced by [S] — [S] e,
[S]mc—[S] (because the interaction of added solvent
mixture after each mc point with the species aready
presented in solution is not the same as before that point and
it causes a change in the values of n and fundamental rate
constants of reaction), respectively and we have;

koky ([S,1-[S5] )"

kobs = (k +

kobs = kmc n (21)
Ka([S e[S + Ky
koK - "
kobs=(kmc+ 25 ) j[su (22)
Ka([S e[S + K

Where ke and vine are rate constant and reaction rate and
[S]me and [S]me are concentrations of S; and S, solvent
components in mc point, respectively. In equations (15) and
(20), [S] and [S] are replaced with [S1] — [Si]me and [S]me —
[S], respectively and we have:

K,k - n
Lk ([Sy] [Sl],:g J[S&] 2
K1 ([S],—[SD)" + K

4- Observed reaction rate constant equations (10), (13) and
(18) follow Arrheniuslaw. So, we may write:

kz[snz] j (20
k(S]] +k

kobs = [kmc +

dink __E, _dink;  din (

ERENE

Where in equation (10) we have k' =Kk, .k and in
equations (13) and (18) we have K’ = k,,/[S;] — k. Asseen
in the right side of equation (24) the first term shows that ki
follows Arrhenius law while the second term shows that k1
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Table 1. Rate constant values of [2+2] cycloaddition reaction
between diethyl azodicarboxylate and ethyl vinyl ether in aqueous
solutions of methanol (Typel) and n, k.1, k; and k, values obtained
from SESMORTAC model at 303 K (ref. 17)

[MeOH] [H-0] Kobs X 10°
(mol dm3) (mol dm™3) (dm®mol~is?)
24.71 0 36.8
22.57 577 58
20.1 12 153
179 17.2 649
15.52 227 1148
13 28.3 3636

*n, ki, k1 and k, values for this reaction are 2.65, 1120 (dm*mol)™s?,
2.66 x 107 (dm®mol™)" s and 1078 72, respectively.

Table 2. Rate constant values of base hydrolysis of [(tetren)-
CoO,CCH2NH:]?* complex in mothanol-water media (Type |1a) at
293-313K (ref. 18)

[MeOH] [H0] kobs (dm’mol~*s™) at
(moldm™)  (moldm™®) 293Kk 298K 308K 313K
0 5555 3 65 249 420
13 52.8 37 68 267 525
246 50.4 39 78 307 618
5.01 451 47 89 377 736
759 397 53 105 451 953
102 342 63 126 552 1140
128 287 73 148 686 1410
154 231 91 172 728 1340
17.87 175 % 194 817 1520
20.06 12.43 127 250 1010 1900

Table 3. n, k1, ky and k> values obtained from SESMORTAC
model for base hydrolysis of [(tetren)CoO,CCH.NH;]?" complex
in methanol-water media (Typella) at 293-313 K (ref. 18)

T(K) n ko x 101 k1 x 107 ki x 1077
(dm*mol™)™2s (dmPmol )" st (shH
203 125 3.658 2.39 3.39
298 124 10 30 319
308 1143 53.6 6.9 5.64
313 11 76.9 2.3 2.6

*Arrhenius law of k; was found to be k; = 6 x 10% exp (—124494/RT),
r=0.99.

and ky individually do not follow Arrhenius law. Calcu-
lations similar to those above would be satisfied for
equations (15), (20), (21), (22) and (23).

Some papers were analyzed with SESMORTAC model
and the results were shown in Tables 1-9. Data were fitted
properly in related rate constant equations by using Sigma-
Plot curve fitting software. Molar concentrations of solvent
mixtures components were calculated using reference’®
Dielectric constant values were obtained from the data of
Akerlof.’® As seen in Tables 1, 2 and 6, for any certain
temperature the reaction mechanism would not change with
the changes in solvent composition, while it changes in
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Table 4. Rate constant values of solvolysis of trans-Dichlorotetra(4-t-Butylpyridine) cobalt(l11) ions in mixtures of water with methanol
(Typellla) at 313-333 K (ref. 19)

[MeOH] [H20] kobs X 10% (s°%) at
(mol dm®) (mol dm®) 313K 318K 323K 328K 333K

1.24 52.94 0.66 12 247 491 102
248 50.35 0.69 1.25 261 5.1 102 <"
373 477 0.73 1.36 2.66 5.6 11
5 4514 0.79 151 <M 2.87 6.1 11.9
75 39.85 0.86 1.67 33 7.1 e 139

10.05 345 0.92 1.76 375 <& 7.8 144 <72

1256 20.21 1.08 < 1.99 403 8.4 158

15.06 238 1.14 2.26 4.39 9 16.9

175 18.4 1.24 248 463 9.8 18

Table 5. n, k.1, ki and k; values obtained from SESMORTAC model for solvolysis of trans-Dichlorotetra(4-t-Butyl pyridine)cobalt(l11) ions

in mixtures of water with methanol (Typellla) at 313-333 K (ref. 19)

T (K) Kinc n ko ka1 ky x 108

(sh (dmPmol=)m s (dm*mol )" s? (sh

313(2nd zone) 0.66x 10 1.59 497 1.78x 10°® 302

313(3rd zone) 1.08x 10 Data are not sufficient

318(2nd zone) 12x10* Data are not sufficient

318 (3rd zone) 151x 10 2.05 5.64 2.98x 107 660

323(2nd zone) 247x 10 15 233 7.9x10° 380

323 (3rd zone) 3.75x 10 Data are not sufficient

328 (2nd zone) 491x10™* 247 20.8 0.58 260

328 (3rd zone) 7.1x10* 173 63.8 4x10°%0 26

333 (2nd zone) 10.2x 107 1.437 194 1.7 903

333 (3rd zone) 14.4x 10 Data are not sufficient

Table 6. Rate constant values of base hydrolysis of (¢f39)-
(o-Methoxy benzoato) (tetraethylenepentamine)-cobat(l1l) in
mothanol-water media (Type I1a) at 293-313 K (ref. 20)

Table 8. Rate constant values of solvolysis of chloropentakis
(methylamine) cobalt(l11) ion in mixtures of water with mothanol
(Typelllb) at 308-318 K (ref. 21)

[MeOH] [H0] Kobs (dm*mol 1s72) at [MeOH]  [H:0] Kobs X 10% (s1) at
(mol dm®) (moldm™®) 293k 208K 308K 313K (mol dm®) (mol dm™®) 308K 313K 318K
13 52.8 56 108 393 676 0 5555 1.2 2.1 3.85
246 50.4 60 17 425 749 1.544 5223 0962 1.76 362 &5 —
5.01 45.1 67 134 489 958 3.064 4908 08 168 ¢« 276
1(2"523 gg? 122 ;% 1333 E'gg 6034 4296 0536 11 2.02
154 231 136 301 1295 1769 ;'22 gg'gg 8'2‘7‘: 8'361 e, 123 e,
17.87 175 188 38 1733 3618 - - B0 — U :
1167 3115 0293 0538 1.07

Table 7. n, k4, ki and ko values obtained from SESMORTAC
model for base hydrolysis of (¢fS)-(o-Methoxy benzoato)
(tetraethylenepentamine)cobalt(l11) in methanol-water media (Type
I1a) at 293-313 K (ref. 20)

T (K) n kz Kl k1
(dm*mol™)™2 st (dm*mol )" st (shH
293 352 484 %107 6x 10722 1054
298 3.127 3x 1073 7.2x 10722 333
308 3.15 1.27x107? 6.33x 1076 0.017
313 3.01 419% 102 27x107% 0.07

*Arrhenius law of k; was found to be k; = 3 x 10%° exp(—166496/RT),
r =0.989.

Tables 4 and 8. In zones with sufficient data the values of n,
ki, k-1 and k; were caculated.

Results and Discussion

The rate of fading of BPB is first-order in dye and first-
order in hydroxide ion.” Since the concentration of NaOH
solution was far greater than the dye, the reaction was
pseudo-first-order in dye. It is seen from Tables 10-15that in
al systems the k values are decreasing with the progressive
addition of acohals in the whole range of the composition.
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Table 9. n, K1, k; and values obtained from SESMORTAC model for solvolysis of chloropentakis(methylamine)cobalt(l11) ion in mixtures of

water with methanol (Type ll1b) at 308-318 K (ref. 21)

T (K) Kire n k1 Ky ko

(shH (dmPmol hmi gt (dm*mol™)" st (shH

308(1st zone) - 1.28 2.67x10°8 9% 107° 2035

308(2nd zone) 3.75x10°° Dataare not sufficient

313(1st zone) - Data are not sufficient

313(2nd zone) 1.68x 10 1.88 3.25x10°8 4.6 91

313(3rd zone) 7x10° Dataare not sufficient

318(1st zone) - Data are not sufficient

318(2nd zone) 3.62x10™ 12 1.23x 107 3.15x10°® 310

318(3rd zone) 1.32x10* Dataare not sufficient

-40 68

AS* (dmol K™

-200 2 i N Il i
0 0.1 0.2 0.3

mole fraction of alcohol

Figure 2. Variation of AS” values of BPB fading reaction vs. mole
fraction of binary mixtures of a methanol, ¢ ethanol, m 1-
propanol, A ethylene glycol, O 1,2-propanediol in water at room
temperature.

This behavior indicates that changes in interna structure of
the medium on addition of solvent®*?® do not reflect on the
reaction rates. The thermodynamic activation parameters are
given in Figures 2 and 3. As seen in Figure 2, the highly
negative AS® vaues support the formation of highly
restricted transition states. The observation of exterma can

o a »
w 0 W

48

AH* (kJ mol™)

0 0.05 0.1 0.15 0.2 0.25 0.3
mole fraction of alcohol

Figure 3. Variation of AH* values of BPB fading reaction vs. mole
fraction of binary mixtures of a methanol, & ethanol, m 1-
propanol, A ethylene glycol, O 1,2-propanediol in water at room
temperature,

be visualized in the light of change of water structure in the
presence of the alcohols. % 1,2-Diols are more associated
than the monohydric alcohols. The presence of the second
OH group in the molecule results in an increase of the
average number of hydrogen bonds per molecule. Since the
degree of hydrogen bonding varies with temperature, the

Table 10. Rate constant equations of BPB fading in methanol-water solutions obtained from SESMORTAC model at 298-308 K

[MeOH] [H20] Kobs X 107 (dm®mol*min?) at i
Wweon% Rate constant equation
(mol dm™) 298K 303K 308K
0 0 55.55 571+ 0.06 7.7910.08 106+0.1 at 298K :
178.4[H,01""
10 3.065 4913 341:005 465£004 6.43+007 Kobs = : — -
1.62x 10°[MeOH]""+3.3x 10
20 6.045 42.92 1.78 £ 0.06 254+0.07 351+0.08 at 303K :
439[H,0]%
30 8.93 369  0867£012 124007 179+005 Kobs = 9RO :
257x 10 [MeOH] " +5x 10
40 11.7 31.05 0432+0.1 0595+0.08 0.919+0.12 at 308K :
1100[H,01*%

Kobs =
* 4.2 x 10°[MeOH]**+8.2 x 10°
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Table 11. Rate constant equations of BPB fading in ethylene glycol-water solutions obtained from SESMORTAC model at 298-308 K

[ed] [H:0] kops X 107 (dm®mol~*min™) at _
Weg% Rate constant equation
(mol dm3) 303K 308K 313K
0 0 55.55 7.79+£0.08 10.6+0.1 143+0.2 at 303K :
2600[H,01"**
10 1628 50.54 465+005  649+007 8.7+008 Kot = i -
192x10[eg]™ +8x10
20 33 45.52 2.7+0.07 395+011 5.62+0.08 at 308K :
4137[H,01"%
30 501 40.36 162+01 243+008 346+ 006 Kebs = 7Rl -
18x10[eg] ™ +8x10
40 6.776 35.05 0.919+0.12 14+0.15 205+£0.11 a 313K
11550[H,01"**

b =
° 3% 10°eg]™® + 1.3x 107

Table 12. Rate constant equations of BPB fading in 1,2-propanediol-water solutions obtained from SESMORTAC model at 303-313 K

[prd] [H0] kobs X 107 (dmPmol~*min ) at .
Wprd% Rate constant equation
(mol dm™) 303K 308K 313K
0 0 55.55 7.79+0.08 106+0.1 143+02  a303K:
4400[H,01"**
10 1.461 50.19 4.47+0.09 6.45+0.1 87+0.12 bs = . L 12252] g
2.9x 10°[prd]** + 8.6 x 10
20 2.947 4438 257+011  366+008  491+015  a308K:
2414[H,0]"*®
30 4453 39.38 154+012  195+007 264+0.1 s = B -
2,07 x 10°[prd]**® + 9% 10
40 5.98 3391 1.07+0.14 12+011 14+016  a313K:
3625[H,01"**

bs =
2.64% 10°[prd]*** + 1.2x 10’

Table 13. Rate constant equations of BPB fading in ethanol-water solutions obtained from SESMORTAC model at 308-318 K

[EtOH] [H20] Kobs X 10? (dmPmol~*min?) at _
Weton% Rate constant equation
(mol dm3) 308K 313K 318K
0 0 55.55 106+0.1 14.3+0.2 194+0.18 a 308K :
1590[H,01""
5 1.074 5221 798£01 1043018  138+016 ko= 5 - -
276 x 10 [EtOH]™" + 1.85x 10
10 2131 49.1 54+0.08 7.19+0.08 946+0.14 a 313K:
4105[H,01*%
15 3.19 46.05 367+012  492+012 6324011 kue= B0l -
4.22x 10°[EtOH] " + 2.38x 10
20 4.205 43.053 227+0.14 3.03+£0.13 394+£0.09 a318K:
7.43x 10°[H,01""
30 6.212 371 0919+022  13%02 1784016 ko= = [80] 5
377x10°[EtOH]™" + 1.4x 10
40 8.12 3117 0.53+0.18 0.74+0.25 0.919+0.2

liquid structure of the 1,2-diols may change considerably.
Whatever the structure of the polymeric species in 1,2-
propanediol, the steric effect of the CHs- group is such that
the number of possible configurations of the associated
moleculesis smaller than for ethylene glycol. Thisresultsin

an increased negative entropy of formation accompanying a
more restricted number of configurations and makes these
polymeric species more susceptible to thermal depolymeri-
zation,2?* Figure 2. If AH” is split into a reaction and a
solvation component,? it is reasonable to expect that solvent
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Table 14. Rate constant equations of BPB fading in 1-propanol-water solutions obtained from SESMORTAC model at 313-323 K

[PrOH] [H20] Kobs X 10? (dmPmol~tmin™?) at _
Weron% Rate constant equation
(mol dm™3) 313K 318K 323K
0 0 55.55 143+0.2 19.4+0.18 254+0.23 a313K:
0.32[H,01**
10 1.635 49.145 422+011 546£012  697+018 kps= - o -
1.717 x 10 [PrOH]™™ + 3.71x 10
15 2437 46.11 184+0.14 2.38+0.13 319+0.14 a318K:
0.59[H,0]**
20 3223 4305 0.811+0.15 114+013 1574016 Kes= S LS| -
1.714x 10" [PrOH]"" + 3.15%x 10
30 4.737 36.92 0.43+£0.23 0.64+£0.2 0.865+0.18 at 323K
0.71[H,01**""

2177

Kobs = 4 4
1.08 x 10" [PrOH] + 1.75x 10

structural perturbations causing hydrogen-bond formation or
breakage will affect the solvation component of AH”, as this
effect in the bulk phase will be passed on to the reaction site
via the solvation shells of the transition and initial states.?

By comparison of the rate constants in Tables 10-15, we
can see at the same mole fractions and temperatures, the
following relation holds for:

Ka > Kneor > Keg > Keton > Kora > Keron (25)

where Ku, Kmeor: Keg, Ketor, Kpra @Nd Keron are second-order
rate constants of the BPB fading in water and in agueous
mixtures of methanal, ethylene glycal, ethanol, 1,2-propane-
diol and 1-propanol, respectively. This trend is opposite to
the order of variation of the Ama values of fading reactionin
these acohols, Figure 1. The red shift has been previously
reported for other compounds upon going from polar to
apolar solvents.®

Proposed Reaction Mechanism. The effect of dielectric
congtant on the fading of BPB was studied by using the
corrdation of logarithm of reaction rate constant versus
reciproca of the dielectric constants of alcohol-water
solutions whose values were obtained from the data of
Verbeek?* and Akerlof .16

This correlation in al alcohol-water mixtures was linear.
So the reaction mechanism would not change in the
concentration range of the used alcohol-water.

The following mechanism is proposed upon SESMORTAC
model which accounts for dependence of the reaction rate of
BPB fading to both water and acohol concentrations. Dueto
SESMORTAC model thisreaction is of typel.

NaOH does not dissolve in pure acohol thus the reaction
rate in pure alcohol is equal to zero. As adding water to
solvent mixture would increase the reaction rate, mechanism
of BPB fading may be outlined in the form:

k
[(BPB + OH").nS Jeage + nH,0 —= (26)

-1

. k
[(BPBOH®"). nH,O*cage + nS ——= Product
ACSM

where acohol molecules are shown by Sand ki, k.1 and ko
are fundamentd rate constants of BPB fading reaction in
aqueous alcohol solutions. Assuming that a steady-state
concentration of ACSM is attained in the mixed solvent, we
have:

k,[BPB* ][OH][H,0]"

[ACSM] = -
k,[S] +k,

(27)

and therate equation is
v = k,[ACSM] (28)
by substituting (27) for (28) we have:
_ kok,[BPB® [[OH][H,0]"
s kL[S +k,

(29)

thus the rate changes directly with [H>O]" and inversely with
[S"
The experimental rate equation of BPB fading is:

V = K, [BPB* ][OH ] (30)

where kops IS the observed second-order rate constant in
acohol-water mixture.
By equating (29) and (30) we have:

_ kok,[H,01"

= (31)
obs k_l[S]n + k2

The reaction rate is lowered severely in solvent mixtures
with high alcohol concentration. By assuming that reaction
mechanism would not change in the full concentration range
of the used acohol-water systems (0-100% weight percent
of acohol), the data of Tables 10-15 properly fitted in
equation (31) and ki, k-1, ke and n valuesin different a cohol-
water solvent systems were given in Table 15. Molar
concentrations of water and acohols of alcohol-water
systemsin thiswork have been derived from references. >

Using SESMORTAC modél, it is observed that in any
solvent system except 1,2-propanediol-water system, asit is
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Table 15. n, ki, ki, ko and values for BPB fading in various
acohol-water media obtained from SESMORTAC modd at
different temperatures

T(K) n kl Kl kz

Ea (ki)

(dmPmol™H)™t  (dmPmol®)™  (min?)  (kImol?)
mint min
Methanol + water
298 173 541x10° 1.62x10° 33x10°
303 169 878x10° 257x10° 5x10° 75.5
308 166 1.34x10* 42x10° 8.2 x 10°
Ethylene glycol + water
303 1364 3.25x10° 192x10°  8x10°
308 1325 517x10* 1.8x 10° 8x 10° 83.6
313 1264 8.88x10* 3x10° 1.3x 10
1,2-Propanediol + water
303 1.252 5.12x10* 2.9x 10° 8.6 x 10°
308 14838 2.68x10* 207x10°  9x10° -
313 1533 3.02x10* 264x10° 1.2x107
Ethanol + water
308 1.77 8.6x107° 276x10° 1.85x 107
313 167 172x10* 422x10° 238x10° 1515
318 147 5.31x10* 377x108  14x10°
1-Propanol + water
313 242 862x10° 1.717x 10* 3.71x 10
318 23 1.87x 10° 1.714x10* 3.15x10* 129.0
323 2177 4.06x10° 1.08x10* 1.75x10*

*Ea(ke) values were obtained from Arrhenius law of ki.

seen from Table 15, with temperature raise the k; values are
increased and n values are decreased. At each temperature
the fundamental rate constant values change as follows:

ko> ki>>k (32

Relation (32) shows that the formation of activated
complex from reactants is the rate-determining step.

From Table 15, we see that in the same temperature the
order of nvalue changesin acohol-water solvents are:

Ethylene glycol < Methanol < Ethanol < 1-Propanol  (33)

From Table 15, we see that in the same temperature the
order of k; value changes in alcohol-water solvents are;

1-Propanol < Ethanol < Methanol < Ethyleneglycol (34)

The o (hydrogen bond donor acidity) and z* (depolarity/
polarizability) solvatochromic parameters of pure alcohol s>
vary the sameway asthe relation (34), which isreciprocal of
the order of n vaue changes. This may be resulted from one
sulfonate and two phenoxide groups bound with activated
complex.

As mentioned earlier, it seems that the reason for
disordered changes of the n and k; values of 1,2-propane-
diol-water system (in Table 15) results from thermal depoly-
merization of polymeric species of 1,2-propanediol in the
solution that increases the n values of BPB fading in aque-
ous 1,2-propanediol solutionswith increase in temperature.

Babak Samiey et al.

Summary

We have studied the effect of a number of binary acohol-
water mixtures on the rate of BPB fading reaction using
SESMORTAC model. We deduced the fundamental rate
constants of this reaction in these mixtures and it was
observed that the formation of activated complex from
reactants is the rate-determining step. We bdlieve that the
data reported here provide new insights into the study of the
effect of binary mixture solvents on the rate of one-step
reactions.
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